Simulations of defects in paramagnetic materials at high temperature constitute a formidable challenge to solid state theory due to the interaction of magnetic disorder, vibrations, and structural relaxations. CrN is a material where these effects are particularly large due to a strong magnetolattice coupling and a tendency for deviations from the nominal 1:1 stoichiometry. In this work we present a first-principles study of nitrogen vacancies and nitrogen interstitals in CrN at elevated temperature. We report on formation energetics, the geometry of interstital nitrogen dimers, and impact on the electronic structure caused by the defects. We find a vacancy formation energy of 2.28 eV with a small effect of temperature, a formation energy for N interstitial in the form of a 111 oriented split-bond of 3.77 eV with an increase to 3.97 at 1000 K. Vacancies are found to add three electrons while split bond interstitial adds one electron to the conduction band. The band gap of defect-free CrN is smeared out due to vibrations, though it is difficult to draw conclusion about the exact temperature at which the band gap closes from our calculations. However, it is clear that at 900 K there is a non-zero density of electronic states at the Fermi level. At 300 K our results indicate a boarder case were the band-gap is about to close. 75.20.En, 75.20.Hr, 71.15.Pd 
I. INTRODUCTION
Transition metal nitrides (TMNs) belong to the hard refractory materials which typically crystallize in the rocksalt structure. They are widely used as hard protective coatings on cutting tools and for coatings in metal-forming or plastic-moulding applications.
1,2 Amongst these, chromium nitride has in addition to its practical applications been of interest due to its fascinating magnetic, optical and electronic properties. It is well known that CrN is paramagnetic with a B1 structure at room temperature while at Néel temperature (T N ), in the range between 270-286 K, undergoes a phase transition to antiferromagnetic (AFM) with orthorhombic structure. [3] [4] [5] Theoretically the magnetic stress is thought to be the driving force for the lattice distorsions.
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Thus the magnetic transition at temperatures around 280 K is associated with the structural transition. 3 On the other hand, no sign of magnetic ordering has been observed in epitaxially stabilized cubic CrN thin films. [8] [9] [10] The importance of the electron correlations in CrN has recently been shown experimentally. 11 Most of theoretical calculations have considered only ordered magnetic structures 6, 7, 12 despite the fact that most experimental measurements are carried out above the Neél temperature. Theoretical modeling taking disordered magnetism into account did not find any dramatic changes in compressibility. 13 Later experiments confirmed the absence of elastic softening upon the phase transition. 5 In other words, above the critical Curie or Neél temperature,there are examples of fully itinerant Stoner magnets but most magnetic systems and CrN in particular retain their magnetic moments even though the long range order between them is lost.Thus when performing first-principle calculations, a disordered magnetic configuration must be considered to simulate and fully understand the physical properties of paramagnetic CrN at elevated temperatures. 13 It should be noted that magnetic materials above the magnetic transition temperature are not only spatially disordered but also dynamically disordered.
Thus at higher temperatures the magnetic moments are changing randomly over time.
Alling et al. 14 performed a detailed study on the effect of the magnetic disorder on the thermodynamics of paramagnetic CrN using disordered local moment method (DLM) implemented within two supercell frameworks, magnetic sampling method (MSM) and special quasi-random structure method (SQS).
In their work, they obtained an orthorhombic to cubic phase transition temperature as a function of pressure qualitatively in line with, but quantitatively higher than, the ex- 
26-29
The nature of the conduction in CrN is affected by vacancies and interstitials as they contribute with carriers and also induce defect states in the band structure. In general the effect of defects and temperature- 
II. CALCULATIONAL DETAILS
The formation energy of a single nitrogen defect is defined according to
in which E def is the total energy of the system in the presence of the defect, E T M N is the to- Table. I.
DLM-MD
The DLM-MD simulations are performed at different temperatures for a k-point grid of 3 × 3 × 3. Fig.1 shows the extracted potential energy from DLM-MD calculations at a specific temperature of T=300 K and as it is seen the potential energy is well conserved. The energy of the system, in the case of a defect E def , is obtained by averaging over all MD energies (red dot-dashed line for vacancy and blue dashed line for interstitial).
The energy, E T M N is also obtained from averaging over all the energies (green solid line)
of CrN system in the absence of any defects.
Obtaining the vacancy formation energies is then straightforward. The vacancy formation energies at 6 different temperatures are listed in Table. I. Unlike the vacancy case, the formation energy of the nitrogen interstitial exhibit an increasing trend as the temperature increases. It starts from 3.80 eV/supercell at T=300 K and rises to 3.97 eV/supercell at T=900 K except for the formation energy at T=1200 K which drops to 3.88 eV/supercell. The same argument about E N 2 term in eq. 1, mentioned in the beginning of Sec. III, applies also here. In our calculations, E N 2 is considered to be temperature-independent and its 0 K value is used in all cases.
In order to understand the relation between different interstitial positions, the nitrogen pair (the I N and the N from the CrN lattice) dynamics is studied in Fig. 3 . To critically evaluate this suggestion, the electronic structure study is needed. It is discussed in the next section.
IV. ELECTRONIC STRUCTURE
We have studied the effect of the point defects on the electronic properties of cubic paramagnetic CrN. The energies are obtained from MSM. For instance, the nitrogen in the tetrahedral configuration at T=300 transforms to I 111 N position and it remains there as it can be seen the related panel in Fig. 3 . 
